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Abstract 

Background: An embryonic toxicity of Rhizoma sporganii was observed in mice. Tliis study was aimed to evaluate 
the anticancer effects of Grailsine-AI-glycoside, tlie bioactive component of Rhizoma sparganii, on estrogen 
receptor-positive (ER^) and estrogen receptor-negative (ER") cancer cell lines. 

Methods: After A549, HeLa, HepG-2 and l\/lCF-7 cells were treated with Grailsine-AI-glycoside, cell proliferation was 
analyzed by MTT, cell cycle and apoptosis by flow cytometry, and morphology with an immunofluorescence 
microscope. 

Results: Grailsine-AI-glycoside strongly suppressed cell proliferation in a dose-dependent fashion in A549, l\/lCF-7, 
HepG2, and HeLa cells, though this growth inhibitory effect on HepG2 cells was not as strong and long lasting. 
Compared to the control, Grailsine-AI-glycoside caused a significant increase of apoptosis in A549, MCE-? and Hela 
cells. A549 and MCE-7 cells were arrested at the G2/S phase whereas HepG2 cells were arrested at the Gl phase by 
a high concentration of Grailsine-AI-glycoside . Cell shapes were also changed by the presence of Grailsine-AI- 
glycoside. 

Conclusions: Grailsine-AI-glycoside from Rhizoma sparganii inhibited the proliferation of ER^ and some ER" cancer 
cells. Grailsine-AI-glycoside may be used as a chemotherapeutic agent against ER^ and ERRa-expressing ER" cancers. 
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Background 

It is well known that many cancers have a number of 
receptors that are suitable targets for therapy. In particu- 
lar, anti-estrogen therapy is a highly effective treatment for 
patients with estrogen receptor-positive (ER^) breast can- 
cer, emphasizing the central role of estrogen activity in the 
development of this disease [1]. Estrogen-estrogen recep- 
tor complexes can bind directly to specific sequences of 
DNA, mediate transcription (gene expression), and affect 
various biological actions [2,3]. Proliferation of a subset 
of breast, lung, and liver cancers is reportedly mediated 
through the estrogen-estrogen receptor mechanism [4-8]. 

The dried rhizome of Sparganium stoloniferum Buch.- 
Ham. (Rhizoma Sparganii, RS) is frequently used in 
traditional Chinese medicine. An aqueous extract of 
RS (RS-W) is widely used in the treatment of blood 
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stasis, amenorrhea, functional dyspepsia, and early stages 
of tumors especially for hystero myoma in China [9]. A 
new N-heterocyclic Al complex glycoside, Grailsine-Al- 
glycoside, was isolated from RS-W by column chromatog- 
raphy and its structure was determined by spectroscopic 
methods (Figure 1) [10]. 

RS is contraindicated during pregnancy and during pro- 
fuse menstrual flow. RS-W also showed ant i- estrogenic 
and anti-angiogenesis effects in the reproductive system of 
rodents (unpublished data, Wei et al). Pregnant mice 
receiving RS showed reduced fibroblast growth factor 
(PGP) protein level but enhanced toxicity to ER^ cells in 
the embryos during mice embryonic development. As 
embryos and tumors share many similarities in endocrine, 
angiogenesis, and gene expression profile, we hypothesize 
that RS-W may exert a anti-tumor effect on ER"^ tumors 
through similar anti-estrogen/anti-angiogenic activity. 
This study was intended to determine the anticancer 
activities of Grailsine-Al-glycoside from RS-W on ER^ 



o 



© 2014 Zhang and Wei; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative 
BIoIVIGCI CGntrsI commons Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 



Zhang and Wei BMC Complementary and Alternative Medicine 2014, 14:82 
http://www.bionnedcentral.conn/1472-6882/14/82 



Page 2 of 5 




OH 



3'" 2"' 

Figure 1 The chemical structure of Grailsine-AI-glycoside. 



cancer cell lines, A549 and MCF-7, and ER" cancer cell 
lines, HeLa, and HepG-2. 



Methods 

Extracting grailsine-AI-glycoside 

The dried herb, Sparganium stoloniferum {Rhizoma Spar- 
ganiU RS) was purchased from Yi-Kang Chain Medicine 
Co. (Xi'an, China). Standardization of this drug was 
consistent with the regulations of the State Food and 
Drug Administration. The pure compound Grailsine- 
AI-glycoside (Figure 1) was purified from aqueous 
extract of RS (RS-W) through the silica gel (Si02; 230- 
400 mesh, Merck, Shanghai, China) and Sephadex G-25 
(Sigma, St. Louis, MO) column chromatography [10]. 
and ^^C spectra were recorded on a Varian INOVA- 
400 MHz system (Varian, Palo Alto, CA). TOF-MS 



spectra were obtained on an AXIMA-CFR™ plus MALDI- 
TOF Mass Spectrometer (SHIMADZU, Beijing, China). 
Elements were analyzed on a Vario EL III (Elementar 
Analysensysteme GmbH, Hanau, Germany), and mono- 
saccharide composition was analyzed using the general 
method. 

Cell culture and MTT assay 

A549, Hela, HepG2, and MCF-7 were purchased from 
American Type Culture Collection (Manassas, VA) and 
maintained in DMEM plus 10% FBS at 37°C with 5% 
CO2. Cells were seeded in 96-well plates (2000 cells per 
well) for 4 h before being treated with different concen- 
trations of Grailsine-Al-glycoside (at a final concentra- 
tion of 10, 20, or 40 (ig/ml) for 3 days. Every 24 h, 
10 (ig/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet- 
razolium bromide (MTT) was added into 6 wells of the 
cultured cells and incubated for 4 h protected from light 
sources. The MTT-treated cells were solubilized and 
measured at 570 nm/630 nm. 

Flow cytometry (FCM) test 

Cells were treated for 36 hr with Grailsine-Al-glycoside 
before being fixed with methyl alcohol and stained with 
propidium iodide. DNA content was determined by flow 
cytometry (EPICS®XL, Beckman Coulter, Brea, CA), and 
the data was analyzed with Flowjo 5.7.2. 

Cell morphology 

After 12 hr treatments, cells were fixed and stained 
with anti-a- tubulin monoclonal antibody (1:1000 dilution, 
Sigma, St. Louis, MO, USA) overnight at 4°C, then incu- 
bated with 1:200 diluted fluorescein-conjugated affinipure 
goat anti-mouse IgG (Jackson ImmunoResearch, West 
Grove, PA) at 37°C for 1 h. Nuclei were counterstained 
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Figure 2 Grailsine-Al-glycoside inhibited the proliferation of A549, IVICF-7, HepG2, and Hela cells. Cells were seeded in 96-well plates and 
treated with different concentration of Grailsine-AI-glycoside for up to 72 hr. Every 24 hr, a group of six wells from each treatment were subjected 
to M^to analyze cell proliferation. 
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Figure 3 Grailsine-AI-glycoside triggered significant apoptosis in A549, IVICF-7, and Hela cells. Cells treated with different concentration of 
Grailsine-AI-glycoside for 36 hrs before stained with propidium iodide and underwent flow cytometry analysis. The apoptotic cells were measured 
by sub-Gl population. Grailsine-AI-glycoside induced over 2 fold increase of apoptosis in A549 (A), Hela (B), and MCF-7 (D) cells but moderate 
increase in HepG2 cells (C). 



with 1 (ig/ml of DAPI (D9542, Sigma) at room temperature 
for 10 min. The morphology of cells was examined and 
photographed under a fluorescent microscope. 

Results 

Grailsine-AI-glycoside suppressed the proliferation of 
cancer cells 

Grailsine-Al-glycoside strongly inhibited the prolifera- 
tion of HeLa, MCF-7, and A549 cells. The treatment of 
20 (ig/ml of Grailsine-Al-glycoside significantly inhibited 
the cell proliferation in those three cell lines after 48 hr 
and 72 hr while the dosage of 40 (ig/ml had an even 
stronger inhibition (Figure 2). On the other hand, 
Grailsine-Al-glycoside could only inhibit the prolifera- 
tion of HepG2 cells for up to 48 hr at 40 (ig/ml dosage 
(Figure 2). 

Grailsine-Al-glycoside promoted apoptosis of cancer cells 

The 4 cell lines showed different apoptotic responses 
upon Grailsine-Al-glycoside treatment (Figure 3). Hela, 
A549, and MCF7 cells all had more than 2-fold increases 
of apoptotic cells in the presence of 20 (ig/ml of 
Grailsine-Al-glycoside over that of the control (Figure 3 
A, B & D). The increase of apoptosis caused by Grailsine- 
Al-glycoside treatment in HepG2 cells was much more 
modest (Figure 3C). 



Grailsine-Al-glycoside induced cell cycle arrest in some 
cancer cells 

HeLa cells showed no cell cycle abnormalities at any 
concentrations of Grailsine-Al-glycoside after 36 hr treat- 
ments. Grailsine-Al-glycoside increased the number of 
G2/S phase cells of A549 in a dose dependent fashion 
(Figure 4). MCF-7 had a higher ratio of G2/S phase cells 
only with Grailsine-Al-glycoside treatment at a high 
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Figure 4 Grailsine-Al-glycoside changed cell cycle progression 
in A549, MCF-7, HepG2, and Hela cells. Cells were treated for 
12 hr before fixing and staining with anti-a-actin. 
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Figure 5 Grailsine-AI-glycoside caused changes of cell 
morphology in A549, MCF-7, HepG2, and Hela cells. Grailsine-AI- 
glycoside treated cells were stained with anti-a-tubuin antibody and 
conterstained with DAPI. 



such as breast [12], endometrial [13], cervical [11], and 
colorectal cancers [14]. Increased ERRa levels are associ- 
ated with a higher risk of recurrence and poor clinical out- 
come in breast cancer, suggesting that ERRa could be a 
negative prognostic factor [11]. Grailsine-Al-glycoside 
showed the ability to suppress the growth of both ER"^ 
breast cancers and ER' but ERRa-expressing cancers. 

Similarly, a compound called N-[(2Z)-3-(4,5-dihydro- 
l,3-thiazol-2-yl)-l,3-thiazolidin-2-yl idene]-5H dibenzo 
[a, d] [7] annulen-5-amine was found inhibiting the prolif- 
eration of both ER^ and ER' breast cancer cells through 
the inhibition of ERRa signaling [15]. Taken together, it 
can be postulated that 1) ERRa is a possible therapeutic 
target for both ER"^ and ER' cancers; 2) Grailsine-Al- 
glycoside is a natural anticancer agent that may be able 
to inhibit ER, ERRa, and other signaling pathways; 3) the 
response to Grailsine-Al-glycoside varies among cancers 
due to different signaling composition. 



concentration (40 (ig/ml) (Figure 4) while HepG-2 had 
a higher amount of Gi phase cells at the same high 
concentration (Figure 4). 

Cell morphology 

Grailsine-Al-glycoside-treated A549 and HepG2 cells 
showed a condensed cytoplasm and spindle shape with 
increased a-tubulin density while MCF-7 cells had swol- 
len cytoplasm without loss of a-tubuin density upon the 
treatment of Grailsine-Al-glycoside (Figure 5). The 
Grailsine-Al-glycoside treatment did not induce obvi- 
ous morphological change of Hela cells (Figure 5). 

Discussion 

Grailsine-Al-glycoside showed strong inhibitory effects 
on ER^ human lung cancer cell line A549 and breast cell 
line MCF-7, by inhibiting cell proliferation and inducing 
apoptosis. Surprisingly, Grailsine-Al-glycoside exhibited 
the same inhibitory effects on ER' human cervical cell 
line Hela and liver cancer cell line HepG2, indicating 
that Grailsine-Al-glycoside could exert its anti-cancer 
effects through a different pathway other than ER. 

The number of HeLa cells was severely suppressed by 
Grailsine-Al-glycoside (40 (ig/ml) due to growth inhibition 
and apoptosis but cells showed moderate morphological 
changes and no cell cycle abnormality was observed at 
36 h treatment. HepG2 cells showed different changes in 
response to Grailsine-Al-glycoside treatment, which had 
modest inhibition of proliferation and increase of apop- 
tosis but significant Gl phase arrest at a concentration of 
40 (ig/ml. Such changes might be resulted from the inhib- 
ition of estrogen- related receptor a (ERRa) [11]. ERRa is 
one of the orphan nuclear receptors which is constitutively 
active, and it does not respond to estradiol (E2) or natural 
estrogens. ERRa is expressed in various types of cancer. 



Conclusions 

Grailsine-Al-glycoside from RS showed anti-cancer effects 
on both ER^ and ER' cancer cells by inhibiting prolifera- 
tion, triggering apoptosis, and / or cell cycle arrest. 
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